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TESTS IN THE AMES ho- BY 80-FOOT WIND TUNNEL OF THE 
AERODYNAMIC CHARACTERISTICS OF ATRPLANE 
MODELS WITH PLAIN SPOILER AILERONS 


By Ralph М. Franks 
SUMMARY 


Four wings of different plan form equipped with plain spoiler 
ailerons have been tested at low speeds. Three of the models had wings 
of aspect ratio 3, the taper ratios and sweep of the quarter-chord lines 
being 0.40 and 169; 0.40 and 41°; and O and #5“. The fourth model had а 
wing of aspect ratio 4.8 with a taper ratio of 0.51 and sweep of 35°. 
The spoilers were mounted normal to the wing upper surface along a 
constant-percent-chord line and were of constant-percent-chord height. 
Spoiler heights of 5-, 10-, and 15-percent chord, and spoiler lengths of 
5» to 100-percent semispan were tested. The tests were conducted at 
Reynolds numbers from T to 13 million at a Mach number of 0.13. The data 
obtained are presented without discussion in the form of tabulated, віх- 
component force and moment characteristics. In addition, some of the 
Gata are presented in graphic forn. 


INTRODUCTION 


Retractable spoiler ailerons have been among the devices suggested 
to assist or replace flap-type ailerons ав lateral controls on hlgh- 
speed aircraft. Because of this interest, research work on spoilers has 
been carried out in wind-tunnel and flight tests. A bibliography of 
reports resulting from this research is given in reference 1. 


Tt is the purpose of this report to present data showing the effect 
of plain spoiler ailerons on the characteristics of wing plan forms not 
previously tested with spoilers. Four wings of different plan form 
equipped with spoilers of various heights and spanwise extents were 
tested. The data presented in this report were obtained for use in 
developing and evaluating a method of predicting the rolling effective- 
ness of spoilers which is presented in reference 2. All of the data are 


verme. | 
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in tabulated form and, in addition, some data showing significant trends 
are also presented in graphic form. 


NOTATION 


The coefficients and symbols used in this report are defined as 


follows: 
b wing span, measured perpendicular to plane ої symmetry, ft 
Съ drag coefficient, Шен 
а 
с; rolling-moment coefficient, 20214 E omens 
Ст, lift coefficient, lift 
45 
С.  pitching-moment coefficient, РАВНА moment 
абс 
Са yawing-moment coefficient, ШКОЛЕ moment 
Су side-foree coefficient, 846 сос. 
с wing chord, measured parallel to plane of symmetry, ft 
с mean aerodynamic chord of wing, measured parallel to plane of 
р/г 
/ с24у 
S ene 
symmetry, 575 , ft 

Я с ау 

h height of spoiler above wing surface, measured normal to wing 
surface, ft 

а free-stream dynamic pressure, їб/ва ft 
o wing are&, Bq ft 
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Xs distance from wing leading edge to spoiler, measured parallel to 
plane of symmetry, ft 


y lateral coordinate perpendicular to plane of symmetry, ft 


y distance from model center line to edge of spoiler, measured per- 
pendicular to plane of symmetry, ft 


о; angle of attack of the wing-chord plane with reference to free 
stream, deg 


y 

T spanwise location of inboard end of spoiler, oes 
У 

По spanwise location of outboard end of spoiler, ο 


DESCRIPTION OF MODELS TESTED 


The geometric characteristics of the models tested are shown in 
figures 1 to 4. These figures and table I identify each of the four 
models by a number which will henceforth be used when referring to that 
model. 


Tables TI through V give the airfoil section ordinates for the 
modeis. ІС should be noted that model 2 was tested with each of two 
airfoil sections, one section being a modification ої the basic 
NACA 64A006 airfoil section. The modification was made in connection 
with another investigation. 


The spoilers used were fabricated of 3/8-1nch plywood, &nd were 
installed perpendicular to tbe wing upper surface along the 7О-регсепі- 
chord line. In addition, for model 2, spoilers were also placed along 
either the 60- or the 80-percent—chord lines. А11 of the spoilers were 
of constant-percent-chord height and were unperforated. Heights of 5-, 
10-, and 15-percent chord were tested. А photograph of а typical instal- 
lation is shown in figure 5. Spoilers were tested on the upper surface 
of the right wing panel of each model and varied in length from 5- to 
100-регсепЪ semispan. | 
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TESTS AND RESULTS 


The tests made on the various models and configurations are Listed 
in table VI. Included are tests made with the vertical tail removed from 
model 2, and tests made with the horizontal tail removed from model 4. 
These surfaces were removed in order to determine the effect of their 
presence on the rolling moment. It should be noted that model 2 complete 
with vertical tail was tested only with the modified leading edge. А11 
of the tests were made at a dynamic pressure of 25 pounds per square foot 
and at a Mach number of 0.13. The Reynolds number of the various tests 
is given in table VI. All of the tests were made at zero sideslip with 
the range of angles of attack for the different models as follows: 


Model 1 а, «29 to 189 
Model 2 а, -29 фо 209 
Мойе1 3 а, -29 to 209. 
Model 4 a, -29 to 169 


The data have been reduced to NACA coefficient form with the moment 
center taken at 25 percent of the mean aerodynamic chord. The angle of 
attack, drag, and pitching moment (for the model with a horizontal tail) 
have been corrected for wind-tunnel-wall effects. The drag and pitching 
moment have been corrected for support-strut interference. The angle of 
attack and drag have also been corrected for air-stream inclination. 
Corrections due to asymmetrical wing loading were considered negligible. 
None of the data have been corrected for tare loads due to basic model 
asymmetry, but the incremental change in any characteristic due to spoiler 
deflection can be obtained by referring to the data tabulated for the 
model without spoilers. 


Тһе data indexed in table VI are tabulated in tables VII to XIII. 
Six-component force and moment data are presented for all models. In 
addition to the tabulated data, figures 6 to 9 present plots of the data 
obteined on the four models both without spoilers and with full-semispan 
spoilers deflected. These curves are considered typical of the data 
tabulated since, in general, the aerodynamic characteristics of the 
partial-semispan spoilers have the same trends as the curves presented. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., Aug. 26, 1954 
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Wing 

Area, ва ft. . . à 

Span, ft « « ο <+ ο = 

Mean aerodynamic сета, ft 

Aspect ratio . a « « ο ο ο 

Sweep, quarter-chord line, 
бей“ «з ж » ο. | 

Taper ratio. . a e . 

Twist, дер. . . + o 

Dihedral, deg. . «ο « 


SOM 


ооо Ον 


Fuselage 
Length, ft . . “е. 
Maximum diameter, ft 
Fineness ratio . «ο 


Vertical tail 

Exposed area, sq ft... . 

Aspect ratio of plan form 
extended to model center 
line . « . » e e ο 

Taper ratio. . «ο 

Airfoil section thickness, 
percent chord. . . . . . 


Horizontal tail 
Area, sq ft. . 
Aspect ratio . 
Taper ratio... 
Sweep, quarter chord, deg. 
Dihedral angle, deg. . . . 
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TABLE II.- COORDINATES OF THE AIRFOIL SECTION 
USED FOR MODEL 1 (MODIFIED DIAMOND) 


[А11 coordinates are in percent chord 
апа are taken parallel to the model 
center line. | 


Ordinate 





Airfoil has straight line between these 
points. 
Airfoil has straight line between these 


points. НАСА 7 
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TABLE ІТІ.- COORDINATES OF THE AIRFOIL SECTIONS 
USED FOR MODEL 2 


[А11 coordinates are referred to the chord of the 
NACA 644006 section and are in terms of percent of 
that chord. The sections are taken normal to the 
streamwise O.31-chord line. ] 


Ordinates of modified sections 










Ordinates of 










Station nE 
sections Upper surface Lower surface 
(ЧАСА 64A006 











L. F. radius: 









enter of Т.Е. gta -0.31 
circle: ord -1.33 


lOrdinates identical to those of the МАСА 64A006 section. 


а “АА” 
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TABLE ІУ.- COORDINATES ОЕ THE AIRFOIL SECTION USED 
FOR MODEL 3 (МАСА OO05-MODIFIED) 


[А11 coordinates аге in percent 


chord and are taken parallel to 
the model center 11пе. | 


Ordinate ` 


E. radius: 0.275 | 
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TABLE V.- COORDINATES OF THE AIRFOIL SECTIONS USED FOR MODEL 4 
(NACA 0012-64 MODIFIED AT ROOT; NACA 0011-64 MODIFIED AT TIP) 


[All coordinates are in percent chord and 


are taken normal to the 0.25 chord 
stations. ] 


Root station ip station 
Station] (2y/b = 0) [(2у/Ъ = 0.990) 
ordinates ordinates 













о 







ολ WOW OU OVO AVN p: 


оооооо000000 0Хл0чхлїо ым 





ANA 47 60 № № 
Og OU OU ло 





-ᾱ 
Ml 
. 

© 






280.0 





І. Е. radius: 1.527 


BAirfoil has straight lines between these 
points. | 
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TABLE VI.- SUMMARY OF CONFIGURATIONS TESTED 


ds 
Бак сна uer 
е 
6 ҮТІ 


1 
2 W+F 


Configuration designations: W, wing; F, fuselage; V, vertical tail; 


Н, horizontal tail; Муса,» modified wing. о я 


а 


«ри» > 





о 
NFM 


нен 
е е е е е 8 


eee m 


© шо оо оо ососҥоюооосбо 


VIII 


2 
lr 
6 
8 
О 
О 
О 
О 
О 
6 
«2 
h 
6 
8 
ο 
О 
О 
О 
О 
6 
6 


xu a Ый 


cuu mn 
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TABLE ҮІ.- SUMMARY OF CONFIGURATIONS TESTED - Continued 


9.Тх109 


1 
1. 
1 


E е 5 


9 
Co 
Б 


mis най pa pa 
Qo ON > O Ó O O O ооо 





“See footnote 1, р. 11. 
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TABLE VE.- SUMMARY OF CONFIGURATIONS TESTED - Concluded 


келерде а e | s | ram 


-10.70 | 0.10|0.15 | 0.2 | 12.8x108 


клеми 


n 
6 
.8 
O 
O 
О 
ο 
е; 
η 
6 
8 
‚2 
.Ң 
.6 
.8 
0 
е 
‚О 
‚О 
.0 
| 
6 
8 


Ц W+F+V+H 


е е 
ко 


4, оо ООО во d! поооооса 





Збее footnote 1, р. 11. 
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TABLE VII.- AERODYNAMIC CHARACTERISTICS. OF MODEL 1. 
(а) ха/с = 0.70; h/c = O and 0.05 


ΚΟΕΝ 8 


2 
h 
6 
8 

10 

I2 е 

14 

16 

18 


fe 
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TABLE VII.- AERODYNAMIC CHARACTERISTICS OF MODEL 1 - Continued 
(b) xg/e = 0.70; h/c = 0.05 and 0.10 





-2.114-0.255|0.0598 
-.1h7 
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TABLE УТТ.- AERODYNAMIC CHARACTERISTICS OF MODEL 1 - Concluded 
(с) ха/с = 0.70; h/c = 0.10 and 0.15 


Са Га То а [а | є | со | є | с | со | ба | ον | % І o | 


h/e = 0.10 h/c = 0.10 7: = 0.80 Ло = 1.00 
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TABLE VIII.- AERODYNAMIC CHARACTERISTICS OF MODEL 2 
WITH VERTICAL ТАТІ, REMOVED 
(а) ха/с = 0.70; h/c = O and 0.05 


O ° ° 
h/c = 0.05 
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TABLE VIII.- AERODYNAMIC CHARACTERISTICS ОҒ MODEL 2 
WITH VERTICAL ТАТІ REMOVED - Continued 
(в) ха/с = 0.70; Б/с = 0.05 and 0.10 


h/e = 0.10 


- 
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TABLE ҮТІІ.- АЕВОРУМАМІС CHARACTERISTICS OF MODEL 2 
WITH VERTICAL TAIL REMOVED - Continued 
(с) жа/с = 0.70; hfe = 0.10 and 0.15 


Һ/с = 0.10 
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TABLE УТТТ.- AERODYNAMIC CHARACTERISTICS OF MODEL 2 
WITH VERTICAL TAIL REMOVED - Continued 
(а) ха/с = 0.70; hfe = 0.15 


SDIESHRES 


h 

6 

8 
10 
12 
1h. 
16 
18 
20 
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TABLE VIIL.- AERODYNAMIC CHARACTERISTICS OF MODEL 2 
WITH VERTICAL TAIL REMOVED 
(а) ха/с = 0.70; в/с = 0.15 - Concluded 





TABLE IX.- AERODYNAMIC CHARACTERISTICS OF MODEL 2 WITH MODIFTED 
LEADING EDGE; ха/с = 0.70; Ъ/с = O AND 0.10 





el 
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TABLE X.- AERODYNAMIC CHARACTERISTICS OF MODEL 2 WITH MODIFIED 
LEADING EDGE AND VERTICAL ТАТІ, REMOVED 
(а) ха/с - 0.70; h/c - 0, 0.05, and 0.10 





23 
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TABLE Х.- AERODYNAMIC CHARACTERISTICS OF MODEL 2 WITH MODIFIED 
LEADING EDGE AND VERTICAL TAIL REMOVED - Continued 
(b) ха/с = 0.60; Һ/с = 0.10 


«ото 
„оото 
„0066 
«Собі 
0056 
«0087 
“9037 
.0033 
.0039 


-.0222 
- 0195 
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TABLE X.- AERODYNAMIC CHARACTERISTICS OF MODEL 2 WITH MODIFIED 
LEADING EDGE AND VERTICAL ТАТІ, REMOVED - Concluded 
(c) ха/с - 0.80; Һ/с - 0.10 
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TABLE ХІ.- AERODYNAMIC CHARACTERISTICS OF MODEL 3 
(а) хв/с = 0.70; Һ/с = O and 0.05 





22 
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TABLE ХІ.- AERODYNAMIC CHARACTERISTICS OF MODEL З - Continued 
(b) ха/с = 0.70; h/e = 0.05 and 0.10 


го 
БЕКА ло 9 Ө 


оо ЕО ооо 


19. 
2 
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TABLE ХІ.- AKRODYNAMIC CHARACTERISTICS OF MODEL 3 - Continued 
(c) ха/е = 0.70; в/с = 0.10 | 


1а μασ Се | с | Єв | Са | о [< | o 
[ве =0.0 | | пі 0.15 ^ по = 0.80 - 








28 
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TABLE ХІ.- AERODYNAMIC CHARACTERISTICS OF MODEL З - Continued 
(а) ха/с = 0.70; h/c = 0.10 and 0.15 


е |а | со | са | б Те [ο - 
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TABLE ХІ.- AERODYNAMIC CHARACTERISTICS OF MODEL 3 - Concluded 
(e) ха/с = 0.70; в/с = 0.15 


h/c = 0.15 | 
-0.166|0.0317 |0.0379|-0.0078|0.0108|0.0077 
0095 


29 
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TABLE XII.- AERODYNAMIC CHARACTERISTICS ОҒ MODEL 4. 
(a) ха/с = 0.70; h/c = 0 and 0.10 
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TABLE XII.- AERODYNAMIC CHARACTERISTICS OF MODEL 4 - Concluded 
(b) ха/с = 0.70; h/c = 0.10 


31 
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TABLE XIII.- AERODYNAMIC CHARACTERISTICS OF MODEL 4 
WITH HORIZONTAL TAIT, REMOVED 
(а) ха/с - 0.70; Һ/с + O апа 0.05 


-2.07 |-0.178 [0.0492 [0.0096 |2.0027 |0.0158 
„061. 


š 8 
h/c = 0.05 ті = 0.20 То з 1:00 
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TABLE ХІІІ.- AERODYNAMIC CHARACTERISTICS ОҒ MODEL 4 
WITH HORIZONTAL TAIL REMOVED - Concluded 
(b) ха/с = 0.70; h/e = 0.05 and 0.10 


— БЕЛ ПЧ С иги НИ 





34 
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Figure 1.- Geometric details of model 1. 
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Figure 2.- Geometric details of model 2. 
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Dimensions shown іп feet unless 
otherwise specified. 





Figure 3.- Geometric detalls of model 3. 
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Figure 4.- Geometric details of model 4. 
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Figure 5.- Typical spoiler installation. 
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Figure 6.- Aerodynamic characteristics of model 1; τ = 0.10; ny = 0.15; ng = 1.00. 
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Figure 6 . Concluded. 
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Figure 7.- Aerodynamic characteristics of model 2 (unmodified); zs = O. ТО; n4 = 0.15; По = 1.00, 
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Figure 8.- Concluded. 
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Ха 
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Figure 9.- Aerodynamic characteristics of model № with horizontal tail removed; 
Ny = 0.10; No = 1.00. 
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Figure 9.- Concluded. 
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